Objective: To outline the rationale, objectives and strategies used in a systematically designed research programmme to study specific weight gain-inducing behaviours, their social-psychological as well as environmental determinants, and the effects of interventions aimed at the prevention of weight gain. Design: The evidence for potential behavioural determinants and strategies to prevent weight gain was reviewed, and the methods applied within the Netherlands Research programme weight gain prevention (NHF-NRG) project were described. The project is designed according to the Intervention Mapping protocol. Conclusions: Based on the few interventions that were evaluated to date, no robust conclusions can be drawn regarding the effectiveness of obesity prevention. The systematic and multidisciplinary design of the NHF-NRG programme enables the identification of potentially effective methods and strategies for the prevention of weight gain.
Introduction
The prevalence of obesity is increasing rapidly in affluent societies (Flegal et al, 1998 (Flegal et al, , 2002 . Obesity is a major burden of disease by its link to cardiovascular diseases, such as myocardial infarction and stroke, type II diabetes mellitus, musculoskeletal disorders, work disability and impaired quality of life (Felson et al, 1997; Visscher & Seidell, 2001; Manson et al, 2004) . The total health care costs directly attributable to obesity are estimated at about 6% in the US (Wolf & Colditz, 1998; Wolf, 2002) and at 1-5% in Europe (Seidell, 1995; Colditz, 1999 ). An increase in body weight occurs when energy intake exceeds energy expenditure. Currently, 40% of the Dutch adults (20-59 y) are overweight, having a body mass index (BMI) equal to or larger than 25 kg/m 2 . About 10% can be classified as obese, that is, a BMI of 30 kg/m 2 or higher (Visscher et al, 2002) .
Small changes in food intake and physical activity, maintained over a longer period of time, have a large impact on changes in body weight (Seidell, 2000) . Small increases in body weight in the population profoundly influence the prevalence of overweight and obesity and the number of unhealthy life-years attributable to weight gain (WHO, 1997; Oster et al, 1999; Sturm & Wells, 2001; Visscher et al, 2004) . Treatment of obesity alone is not likely to be successful in halting the obesity epidemic, since people often regain weight after the treatment programme is finished (NHS CRD, 1997; NHS HDA, 2003) . It has been suggested that prevention of weight gain could be more efficient in reducing the obesity epidemic than treatment programmes alone (Russell et al, 1995 , Müller et al, 2001 Carraro & Garcia Cebrian, 2003) .
To date, few prevention programs have been implemented, mostly targeted at young children (eg, Basdevant et al, 1999) . A Cochrane review (Campbell et al, 2001 ) included seven studies regarding the prevention of obesity and overweight in children and adolescents, most of which were carried out in the USA. The limited data prohibited the authors to draw conclusions about effectiveness of the obesity prevention strategies used. An analysis of systematic reviews (NHS HDA, 2003) was based on a total of nine studies among children and adolescents. It was concluded that multifaceted (both individual and environmental) school-based interventions are effective in reducing overweight and obesity in schoolchildren, particularly in girls. This analysis further showed that school-based health promotion (classroom curriculum or physical activity programs led by specialist staff or classroom teachers) and family-based modification programmes (family therapy or health promotion programs involving sustained contact with children and parents) only show a small or no effect on body weight. With respect to adults, three community-based studies have investigated the effectiveness of prevention of overweight and obesity (for reviews, see NHS CRD, 1997 and Douketis et al, 1999) . The results from these studies are inconclusive (NHS HDA, 2003) . Overall, the results of weight gain prevention programmes have been disappointing (Jeffery, 1998) , and there is an urgent need for more evidence on the effectiveness of preventive interventions (NHS HDA, 2003) .
Various explanations can be suggested for the negative results in the previous prevention programmes. One possible explanation is that prevention programmes have either focused on food intake or physical activity, rather than on the balance between both behaviours. Secondly, intervention designers have underestimated the lack of awareness that individuals may have regarding their own behaviour. Many people think that they eat healthy or have enough physical exercise, although they do not (Brug et al, 1997; Lechner et al, 1998; Povey et al, 1999; Ronda et al, 2002) . Furthermore, social and environmental circumstances that promote obesity-inducing behaviours, the so-called 'obesogenic environment', could have more influence on people's overall behaviour than cognitive determinants, such as attitudes and self-efficacy expectations, that have been targeted mostly in the interventions that have been evaluated to date (Jeffery et al, 1995; Swinburn et al, 1999; . Finally, most programmes do not take into account individual preferences and lack the possibility of choice. Offering different behavioural alternatives to reach the energy balance goal may positively affect compliance and long-term success. An underlying cause for the shortcomings in previous overweight prevention programmes may be that these health education programmes are rarely developed in a true evidence and theory-based, and thus well-planned fashion (Bartholomew et al, 2001) .
Initiated by the Netherlands Heart Foundation (NHF), the multidisciplinary research programme 'Netherlands Research programme weight Gain prevention' (NHF-NRG) was developed. The focus of this programme is to study determinants of weight gain, and to evaluate comprehensive weight gain prevention programmes for different target groups, by integrating food intake and physical activity behaviours rather than focusing on one of these categories of behaviours separately. Expertise in epidemiology, social psychology, biology, human movement sciences, nutrition and health education is combined in order to systematically study specific weight gain-inducing behaviours, their socialpsychological as well as environmental determinants, and the effects of interventions aimed at the prevention of weight gain. Preparations for the NHF-NRG project started in August 2001, and the specific studies have commenced from April 2002. Here, the rationale, objectives, methods, strategies and design of the NHF-NRG project are presented.
Methods
Needs assessment: the ANGELO framework Before developing an intervention, in-depth information on the health problems and at-risk groups, as well as environmental and behavioural causes of the problem should be gained through a thorough needs assessment. There is a wide variety of ways to classify the environment and to identify potential risk groups (eg, Green & Kreuter, 1999) . The ANGELO framework (ANalysis Grid for Environments Linked to Obesity; Swinburn et al, 1999) was specifically applied to the conceptualisation of obesogenic environments. The ANGELO framework is a grid which comprises four types of environment on one axis and two sizes of environment on the other. Types of environment are categorised as physical (what is available), economic (what are the costs), political (what are the rules), or sociocultural (what are the attitudes and beliefs). Size of the environment can be divided into microenvironmental settings and macroenvironmental sectors. Individuals interact with the environment in multiple microenvironmental settings, including schools, workplaces, homes and neighbourhoods, which are, in turn, influenced by broader macroenvironments, including education and health systems, governments and the food industry. Based on epidemiological data, the accessibility of microenvironmental settings and the changeability of the most important types of environmental influences, the NHF-NRG group identified four major risk groups and settings in which weight gain preventive interventions would have the highest potential for being effective and efficient. These risk groups are (a) children (6-11 y) in primary school, (b) adolescents (12-16 y) in secondary school, (c) young adults (20-40 y) at the workplace, and (d) recently retired people (55-65 y) at home. Since most prevention programmes to date have targeted young children, and the NHF-NRG group mainly has expertise and data on adolescents, young adults and recently retired subjects, it was decided to target interventions at the latter three risk groups in their microenvironmental settings.
Intervention Mapping protocol
The NHF-NRG project is designed according to the Intervention Mapping protocol (Bartholomew et al, 2001 ; Figure 1 ; see also Hoelscher et al, 2002) . Intervention Mapping (IM) is a systematic process that explicates a series of five steps for the development of health promotion programmes based on theory, empirical evidence and additional research.
Step 1 of the IM protocol focuses on desired behaviours and environments that are identified in the needs assessment. Performance objectives (ie, specific behaviours that the target group or key intermediaries have to adopt as a result of the programme) are specified. Additionally, the personal and environmental determinants of healthy behaviour change are identified. In Step 2, the performance objectives and their determinants are linked to theoretical intervention methods and practical intervention strategies. First, theoretical methods are specified and the programme developers identify conditions under which such methods have been shown to be effective. Subsequently, these methods are translated into practical applications (strategies). The product of Step 3 of IM is a health promotion programme. Strategies are operationalised into a programme plan, taking into account the context in which the programme will be used. Then, the programme materials are designed, pretested, and produced.
Step 4 involves the adoption and implementation plan for the health promotion programme defined in Step 3. A linkage system is developed in order to connect the developers with the users of the intervention. Next, proximal programme objectives are set with regard to the adoption and implementation of the intervention. Accordingly, an implementation programme is written. Finally, in Step 5 of IM, a plan is prepared to evaluate the programme in order to be able to understand if and why a programme was a success or a failure.
Design
The NHF-NRG project includes five specific studies. Two studies investigate the behavioural determinants of weight gain (ie diet and physical activity) and the social-psychological causes of these behaviours. Patterns of food intake and physical activity that lead to weight gain (Study 1) as well as the intrapersonal and environmental determinants of these behaviours (Study 2) are studied. Furthermore, three weight gain prevention interventions (Studies 3, 4 and 5) are designed, implemented and evaluated according to the IM protocol. These intervention studies aim to provide new insights in weight gain prevention among the selected riskgroups in order to implement evidence-based nationwide weight gain prevention programmes. Each of these interventions has been started in September 2003 and run 1 year till September 2004.
Lifestyle related predictors of weight gain (Study 1)
This study aims at gaining new insights into existing concepts regarding dietary intake and physical activity in relation to body weight control. Macronutrient composition, energy density and dietary pattern are currently leading dietary concepts (Hill & Peters, 1998 ). Studying energy density may be a step forward in understanding how diet affects total energy intake (Hill & Peters, 1998) . Dietary fibre seemed to explain differences in BMI and skinfold thickness between and within populations (Kromhout et al, 2001; WHO/FAO, 2002) . In addition, sugar-sweetened drinks have been acknowledged as an important contributing factor to increased energy intake (Ludwig et al, 2001) .
Lack of physical activity is an important determinant of body fatness, both at the individual and on the population level (Kromhout et al, 1988 (Kromhout et al, , 2001 . Physical activity patterns are investigated focusing on duration, intensity and frequency. It has been suggested that relatively low-intensity physical activity levels may be more important in controlling body weight than high-intensity activities: low-intensity physical activities can be performed for a longer duration and thus are likely to contribute to a higher total energy expenditure than high-intensity physical activities (Westerterp, 2001) . In terms of long-term maintenance of behaviours, it may be more important to focus on regular daily types of activities, for example, physical activity in routine activities of every day life, such as transportation requiring physical activity (cycling, walking) . A decrease in work-site-related physical activity levels after retirement could contribute to a positive energy balance if not compensated by an increase in leisure time activity levels.
Study 1 aims at examining the above-mentioned concepts in relation to weight gain among adolescents, young adults and recently retired subjects in large prospective populationbased studies. The study objective is to identify modifiable determinants of weight gain to be applied in weight maintenance intervention programmes.
Determinants of energy balance-related behaviours (Study 2)
Determinants of health behaviours can be divided in proximal, distal and ultimate influences (Flay & Petraitis, 1994) . Proximal determinants include cognitions, such as attitudes towards the behaviour, social normative beliefs and self-efficacy expectations towards the performance of the behaviour. Distal determinants include social support and social bonding factors, knowledge and values, and social competence. Ultimate determinants are factors in one's personal, cultural and environmental 'background' that are believed to be the root causes of behaviour or restraints for behaviour change. These include factors such as general personality factors, physical environmental characteristics, family structure, social/cultural factors like social economic status and parenting styles (Kremers et al, 2003) . Interest in the 'ultimate' influences on diet and physical activity is relatively new. The importance of the environment on diet and physical activity has only been highlighted in the past decade (Hill & Peters, 1998; Flegal, 1999; Booth et al, 2001; Pikora et al, 2003) . Accumulating evidence shows that the environment is an important causal factor in the current obesity epidemic (Bar-Or et al, 1998; Jeffery, 1998; Swinburn et al, 1999; Schmitz & Jeffery, 2000; Golan & Crow, 2004; Kemper et al, 2004) . However, at present, relatively broad conceptual models of putative environment-behaviour relationships are being used to guide research (Owen et al, 2004) . In order to differentiate the causal role of environmental influences on energy balance-related behaviours, there is a need for studies that also include the strongest intraindividual influences.
NEEDS ASSESSMENT
Environmental determinants of energy balance-related behaviours include cost, palatability, availability, accessibility and advertising of foods, access and cost of recreational physical activity, and parental and other social influences. Such factors are often postulated to influence behaviour only through cognitive factors such as attitudes, social normative beliefs or self-efficacy expectations. For example, low accessibility of healthy foods may reduce self-efficacy expectations towards eating healthily. However, the environment may also exert a direct influence on energy balancerelated behaviours (Booth et al, 2001; Darmon et al, 2003; Pikora et al, 2003) . The potential direct influence of the environment on energy balancerelated behaviour is a major component of this study. Crosssectional and longitudinal analyses are performed with respect to the relative influence of proximal, distal and ultimate determinants of energy balance-related behaviours. The results of Study 2 will improve our understanding of why people engage in weight gain-inducing behaviours, and will provide the possibility to formulate proximal programme objectives for weight gain prevention interventions.
Intervention studies
In this paragraph, the objectives, methods, strategies, implementation and evaluation design of the three intervention studies (Studies 3, 4 and 5) are outlined.
Adolescents (Study 3)
Among adolescents, an alarming increase in overweight has been noticed in the Netherlands (Hirasing et al, 2001; Kemper et al, 2004) . In 1997, the prevalence of overweight ranged between 7.1 and 15.5% for boys, and between 9.6 and 16.1% for girls aged 12-20 y. Overweight children are at increased risk to become obese compared to children with normal weight (Van Lenthe et al, 1996) . Based on the most recent national food consumption survey, only 6% of Dutch adolescents adhered to the dietary guidelines for fat intake and 30-35% of total energy intake is derived from snacks and soft drinks (Voedingscentrum, 1998) . Levels of physical activity tend to decrease with increasing age. This decrease is most marked at age 13-16 y (Van Mechelen et al, 2000) . A major advantage of interventions focusing on adolescents is the relatively easy access through schools: an educational environment and broad access to the internet provide attractive conditions and facilitate individual counselling. Furthermore, changes in the school environment that promote healthy behaviours will reach many schoolchildren.
Target group: Young adults (Study 4)
Young adults constitute a risk group, since they may have less time and opportunity to be physically active (Brown & Trost, 2003) , or eat less regular healthy meals because of starting their careers. Both a decrease in the consumption of energy-dense food (Astrup, 2001) and an increase in the consumption of fibre-rich foods (Kirk, 2000) may be effective in the prevention of weight gain in young adults. With regard to physical activity, a sustained pattern of regular moderate activities like walking and cycling is viewed as an effective strategy to prevent weight gain (Westerterp, 2001) . The age group of 20-40 y olds can ideally be reached at the worksite, which provides many opportunities to reinforce the adoption and maintenance of healthy lifestyle behaviours (USDHHS, 2001) . Programmes can be directly targeted at the social and physical environment of the employees, making various environmental approaches to behavioural change possible (Glasgow & Terborg, 1988) .
Target group: recently retired persons (Study 5)
In the Netherlands, optional or mandatory early retirement is relatively common and, in general, unrelated to health status. From 50 to 65 y of age, more and more people retire from work, with most of them retiring around 60 y (Statistics Netherlands, 2004) . Retirement can have a detrimental impact on diet and physical activity. It brings many changes in daily routines and may thus be a good time to induce changes in health-related behaviours. On the one hand, people may experience less work-related physical activity. On the other hand, more time may be available for leisure time activities. Advancing age is associated with an increase in body fat mass and a decrease in skeletal muscle mass (Kohrt et al, 1992) . Increase in fat mass with ageing results mainly from a decline in total energy expenditure coupled with an energy intake not matching the declining need. Until now, few weight gain prevention programmes have been implemented in the elderly. The combination of high risk and relatively easy accessibility makes this age group of particular interest for intervention programmes.
Objectives
The main objective of the three interventions is to prevent weight gain. The interventions will focus on the balance between food consumption and physical activity, rather than either food consumption or physical activity. This focus has been identified as a potentially effective component of prevention programmes (USDHHS, 2001 ). The intervention among adolescents (Study 3) focuses on the following changes in lifestyle: to decrease energy intake by (a) a decrease in the intake of sugar-containing soft drinks, (b) a decrease in the intake of energy-dense snacks, and to increase energy expenditure by (c) a reduction in the time spent watching TV and playing computer games and (d) an increase in the amount of lifestyle physical activities. The objectives of the studies among young adults and recently retired people are similar. Both interventions focus on: (a) a reduction of energy density of consumed foods by (a 1 ) replacement of energy-dense products by energy-dilute products and (a 2 ) replacement of low-fibre foods by high-fibre foods, (b) reduction of portion sizes, and to increase energy expenditure by (c) increase walking or cycling as a means of transport (young adults)/recreational activities (recently retired) and (d) increase in physical activity during working hours (young adults)/daily life (recently retired).
Methods and strategies
Each intervention aims to (a) make participants aware of their need to change, (b) to encourage them to make specific plans to change and (c) to make it possible to put these plans into action. Self-monitoring and computer-tailored feedback techniques have been shown to be effective strategies in increasing awareness of personal relevance and in encouraging individuals to plan healthy dietary behaviours (Madsen et al, 1993; Brug et al, 1999; Oenema & Brug, 2003) . Each intervention in the NHF-NRG project will include an individual component, in which tailored information is provided. This information will be aimed at improvement of attitudes, subjective norms, self-efficacy and intentions regarding energy balance promoting food consumption and physical activity. With regard to the provision of tailored information, individual preferences are taken into account by offering participants a choice regarding what aspects of their diet and physical activities they would like to change, since the possibility of choice may benefit compliance. Finally, interventions will contain environmental components. For example, for adolescents, extra lessons in physical education are offered. Furthermore, changes in the schoolcanteen and soft drink vending machines are made in order to encourage a healthier dietary pattern. Special attention will be paid to increasing the availability of low-energy drinks and foods. The physical activity environmental interventions in young adults will focus on changes in the working environment. Routes to the stairs will be highlighted, and the stairs themselves will be made more attractive with encouraging statements and pictures in the staircases, and in cooperation with the companies lunch walking groups may be organised and extra bicycle sheds may be provided. For recently retired persons, environmental changes include the facilitation of walking and cycling groups.
Production of materials and implementation
The intervention materials were produced as a result of a detailed programme plan including a description of the scope and sequence of the various components of the interventions, and intensive contacts with graphic designers. To anticipate problems with adoption and implementation of the programme, the development teams have created structural contacts with representatives from the various sites (eg, school board or board of directors). Implementation plans were made in close collaboration with these representatives.
Evaluation
Each intervention will apply a quasi-experimental pretestmultiple post-test control group design to evaluate its impact on changes in body composition, behaviour and behavioural determinants. Schools (Study 3) and retirement course groups (Study 5) will be randomly assigned to the experimental or control group. In Study 4, no random assignment will take place, but companies in the experimental and control group are matched with respect to social economic status of the employees. The experimental group will receive the intervention and the control group receives usual practice. Health promotion practices in Dutch worksites differ considerably between companies. Whereas some companies actively promote a healthy lifestyle, for example by offering physical exercise programmes, most companies do not implement health promotion programmes at all. Based on national data, an estimation of the expected weight gain in 1 y was made for the power calculation to assess the sample sizes for the studies. In total, 16 schools (400 adolescents), 12 companies (500 young adult employees) and 75 retirement course groups (400 recently retired persons) are recruited. This enables detecting differences of 1 kg in average body weight between experimental and control groups. Measurements were taken at baseline, and at the end of the intervention and after a 1-year follow-up period. Effect measures are based on the NHF-NRG intervention and evaluation model (Figure 2 ) and include body weight, subcutaneous fat (skinfold thicknesses) and waist circumference. Additionally, cognitions, intentions and behaviour are assessed with questionnaires. Furthermore, process measures will be included, primarily based on Rogers' (1995) diffusion of innovations-model, in order to monitor and evaluate the process of dissemination of the intervention materials in the schools, worksites and among the retired people. Formative evaluation techniques such as observation and structured interviews will be used to gather this information. More valid but expensive and timeconsuming measurements of dietary behaviour (eg diet records), body composition (eg underwater weighing in Study 4, DEXA in Study 5), fitness (eg VO 2 max test) and physical activity (accelerometers) will be performed in randomly selected subpopulations (NB50) within each intervention study. Availability at each of the study sites determined the choice for specific instruments to measure body composition and fitness.
Discussion
The increasing prevalence of overweight and obesity calls for innovative efforts to prevent weight gain. To date, obesity prevention attempts have been mainly educational, behavioural or pharmacological, focused on either diet or physical activity, and have had limited success (Kayman et al, 1990; Garner & Wooley, 1997; Swinburn et al, 1999) . The challenge is to develop innovative multidisciplinary initiatives to improve the rather modest impact of current programmes. The NHF-NRG project is a structured multicentre research programme that is aimed at the prevention of weight gain, incorporating expertise in epidemiology, social psychology, biology, human movement sciences and nutritional science, as well as health education. The organisational structure of the project is outlined in the Appendix A. Each of the five studies is primarily conducted by a PhD student with a master degree in public health, health education, human movement sciences or psychology. Each of these PhD students will write a PhD thesis based on the studies conducted. Two Postdocs are responsible for the coordination and diffusion between the five studies. Furthermore, each PhD candidate is supervised by a team of senior researchers, mostly from different disciplines. Finally, a programme committee supervises the overall project, assisted by an external six member advisory board consisting of experts in the fields of health education and promotion implementation (see Appendix A).
The prevention of weight gain has received little rigorous evaluation (Glenny et al, 1997; Hardeman et al, 2000) . Based on the few interventions that were evaluated to date and the lack of appropriate designs used to do these evaluations, no robust conclusions can be drawn regarding effective methods and strategies for obesity prevention (Hardeman et al, 2000) . Moreover, only little attention was given to the underlying theoretical models and methods of behavioural change that were applied. A more thorough description of these underlying models and methods of behavioural change is necessary for replication of effective interventions in different situations. Additionally, it will increase insight into cultural differences in the effectiveness of strategies. Several authors have called for a more detailed description of intervention methodologies and strategies (Hardeman et al, 2000; Tones, 2000; Bartholomew et al, 2001 
